Objective To evaluate the validity of physical examinations by assessment of correlation between physical examinations and CT measurements in children with intoeing gait and the causes of intoeing gait by age using CT measurements. Method Twenty-six children with intoeing gait participated in this study. Th e internal and external hip rotation, thigh-foot angle and transmalleolar angle were measured. In addition, femoral anteversion and tibial torsion of the subjects were assessed using a CT scan. Th e measurements of torsional angles were performed twice by two raters. Th e correlation coeffi cients between physical examinations and CT measurements were calculated using Pearson correlation. Th e data was analyzed statistically using SPSS v12.0. Results The correlation coefficients between physical examinations and CT measurements were not high. Before 5 years of age, intoeing gait was caused by femoral anteversion in 17.86%, tibial torsion in 32.29% and the combination of causes in 35.71% of cases. After 6 years of age, the contributions changed to 29.17%, 8.33% and 45.83%, respectively. Conclusion Before 5 years of age, the common cause of an intoeing gait was tibial torsion, whereas after 6 years of age it was femoral anteversion. Regardless of age, the most common cause of intoeing gait was a combination of causes. Th is study shows poor correlation between physical examinations and CT. Th erefore, it is limiting to use physical examination only for evaluating the cause of intoeing gait in clinical practice.
INTRODUCTION
To identify causes including femoral anteversion and tibial internal torsion in children with intoeing gait, physical examination, X-ray, ultrasound, computed tomography (CT) scan, and magnetic resonance imaging (MRI) have been used in the clinical setting. 1, 2 The most commonly used methods in clinical practice are physical examinations and CT scan. The reliability and
www.e-arm.org validity of CT scans for causal analysis of intoeing gait in many studies has been proven, but the validity of phy sical examinations as an evaluation tool has not yet been demonstrated. [3] [4] [5] [6] [7] [8] However, to conduct a CT scan for every child with intoeing gait or to monitor each stage of progress is too costly. Th us, this study attempted to determine the correlation between the commonly used physical examinations in clinical practice and CT measurements in evaluating children who came to the hospital with intoeing gait and whether the physical examination was valid to replace CT scan. Moreover, this study intended to evaluate the causes of intoeing gait by age and by classifying them into femoral anteversion and tibial torsion.
MATERIALS AND METHODS

Subjects
Twenty-six outpatients with intoeing gait who visited the Department of Physical Medicine and Rehabilitation in Pusan Paik Hospital between February 2008 and February 2010 participated in the study. The subjects who showed abnormal walking due to the injury in the lower limb were excluded and those without a developmental disorder were included in the study. Th e subjects included 18 males (69.2%) and 8 females (30.8%), and their age ranged from 2 to 18 with average age of 6.08±3.64.
Methods
For physical examinations, two skilled doctors in the department measured hip internal rotation and external rotation, and thigh-foot angle and transmalleolar angle, respectively. For hip internal rotation and external rotation, the angle between the center of the body and tibia was measured when both hip joints were lowered to the maximum internal and external rotation in the prone position with the knees bent at 90°.
2 Th e legs were bent by gravity without an external force to measure the angle.
1
For the thigh-foot angle, the angle formed by each line that divides the longitudinal axis of the thigh and calcaneous was measured in prone position with the knees bent 90 o and the ankle in the neutral position using gonio meter. 1, 9 The negative value refers to the the internal rotation of the tibia whereas the positive value refers to the external rotation. Fig. 1 . Gravity goniometer.
Fig. 2.
Lower extremities fixation brace was used for evaluation of intoeing gait children by CT.
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Th e transmalleolar angle was measured using a gravity goniometer in the supine position after marking the medial malleolus of the tibia and lateral maleoulus of the fi bula while extending the knees to the coronal plane (Fig.  1) . 10 CT scan was used to measure femoral anteversion and tibial torsion. Femoral anteversion was measured by the angle between the two lines with the line that connected the medial and lateral distal femur as the primary axis and the one that passed from the femoral head to femoral neck as the axis of proximal femur (Fig. 2) . 6 Tibial torsion was obtained by measuring the angle between the line that connected the widest section of tibial intercondylar distances with the intercondylar distance behind the tibia as the primary axis and the one vertical to the rear and front diameter of the tibia from the lowest tibia and passed the center of the lateral malleolus of the fi bula (Fig. 3) . [6] [7] [8] [11] [12] [13] A specially devised tibial holder was used to reduce errors when the children moved during the CT scan or showed diff erent positions of their lower limb (Fig. 4) . Th e causal analysis of intoeing gait by age was con ducted by comparing femoral anteversion and tibial torsion obtained by CT measurements with the data of normal children by age, which was then divided into normality and abnormality. 6, 14 Femoral anteversion was based on the age-specific nor mal values of the studies of Billing 14 If the angle was bigger than the standard, it became one of the causes of intoeing gait. As tibial torsion had no age-specific classi fications, it was divided into tibial internal torsion if the angle had a lower value than the standard 40 o ±9
according to the studies of Jend et al. 6 and as a cause of intoeing gait.
Fig. 3.
The reference lines are the bisec tion line of femoral head and neck and the line of femoral condyles as described by Weiner et al. 8 The angle between these two planes show femoral anteversion. 
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Data analysis
Two skilled doctors in the department conducted physical examinations to analyze the interobservers reliability. The mean value was used as the data value for evaluation and comparison by CT scan. Th e two doctors in the department of Physical Medicine and Rehabilitation measured CT findings twice with an interval of one week respectively and analyzed the reliability of interobservers and intraobservers. Th e mean value for the 4 measurement values was used as the data value. Th e correlation between femoral anteversion measured by CT scan and hip internal rotation and external rotation measured by physical examinations was analyzed. Additionally, the correlation between tibial torsion mea sured by CT scan and physically examined thigh-foot angle and transmalleolar angle was analyzed using Pearson's correlation coefficients at a significance level of p<0.05. Data was processed statistically using SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, USA). The cause of intoeing gait by age showed that comparatively more children under the age of 5 were gene rally accompanied by tibial internal torsion, while com paratively more children over the age of 6 were accom panied by femoral anteversion generally. Several cases were accompanied by both (Table 5 ). For children under 5, 17.86% (5 feet/28 feet) had femoral anteversion only, while 39.29% (11 feet/28 feet) had tibial internal torsion only and 35.71% (10 feet/28 feet) had www.e-arm.org both and 7.14% (2 feet/28 feet) had normal feet. Children over 6 showed 29.17% (7 feet/24 feet), 8.33% (2 feet/24 feet), 45.83% (11 feet/24 feet), and 16.67% (4 feet/24 feet), respectively.
RESULTS
Th e fi ndings
DISCUSSION
Th is study aimed at assessing the correlation bet ween tests after performing CT scans and physical exa minations for children who visit the hospital with intoeing gait as the chief complaint. It also focused on identifying the cause of intoeing gait by age.
According to Rethlefsen et al., 15 intoeing gait can be defined to show over 0 o of the foot progression angle to point inward in more than 50% of the walking cycle. In this study, children whose feet were coated with white chalk were asked to walk straight towards their parents on a straight line to measure the foot progression angle in compliance with the studies of Sass and Hassan. 16 Th e children were divided into a group of intoeing gait using this me thod and had physical examinations and CT scan. CT measurements assessed tibial internal torsion and femoral anteversion, and equivalent physical examina tions assessed thigh-foot angle and transmalleolar angle corresponding to tibial internal torsion and hip internal rotation and external rotation corresponding to femoral anteversion. The comparative analysis of the correlation in this study [3] [4] [5] [6] [7] [8] was based on the validity of CT measurements for tibial internal torsion and femoral anteversion proven in a number of studies including one using a cadaver. 4, 5 Th e correlation between CT measurements and physical examination findings showed a moderate correlation between tibial torsion angle and transmalleolar angle, whereas correlation for the rest of the examinations was low. Th is suggested CT measurements and physical examinations refl ected diff erent parts to each other. While femoral anteversion angle shows torsion between the femoral head and distal femur, hip internal rotation and external rotation not only mirror torsion between the femoral head and femur but also the inclination of femoral head to the acetabulum. To review the measuring of femoral anteversion angle using CT scan, the angle between the two lines was measured with the line that connected the medial and lateral distal femur as the primary axis and the one that passed from the femoral head to the femoral neck as the axis of proximal femur. The axis of proximal femur here is the line that passed the femoral neck, and the angle between the pelvis and femoral head was not considered. This shows that the correlation between the examinations should be low because internal rotation and external rotation would be out of the normal range depending on the femoral head angle although femoral anteversion angle is normal. Th e low correlation between tibial torsion and the thighfoot angle is because the distal tibia for tibial torsion measures the lowest tibia it is impossible to reflect the feet condition. However, the standard line of distal tibia for the thigh-foot angle is the sole and reflects the feet condition, whereas the transmalleolar angle measured www.e-arm.org from the ankle relatively has no reflection of the feet condition. For this reason, its correlation with tibial torsion is the relatively higher moderate level. It implies that children with a deformed foot should be evaluated not with the thigh-foot angle but with the transmalleolar angle.
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In summary, it is interpreted that hip internal rotation and external rotation cannot refl ect femoral anteversion adequately, and although thigh-foot angle cannot mirror tibial torsion properly, transmalleolar angle reflects the tibial torsion angle to a certain degree.
This implies that the physical examinations as a test to assess the cause of intoeing gait compared to CT measurements were less significant but the low cor relation between hip internal rotation and external rota tion by physical examinations and femoral anteversion assessed by CT scans leading to low validity of physical examinations as an alternative test, as well as the low validity of thigh-foot angles to tibial torsion.
Th e reliability of physical examinations was also lower than CT measurements. As shown in Table 3 , while the intraclass correlation coefficient interobservers or intra observer were all over 0.95 in CT measurements, they were 0.739, 0.824, 0.861, and 0.801 for hip inter nal rotation, external rotation, thigh-foot angle and transmalleolar angle, respectively, in physical examinations. Th is can be attributed to the CT scan having fewer errors than physical examinations and offering more accurate measurement fi ndings.
Intoeing gait can result from various causes from the femur to the foot. The causes are commonly divided in to femoral anteversion, tibial internal torsion, and me tatarsus adductus. 1, 16 Metatarsus adductus is most common in infants, while tibial internal torsion is common until age 2, and femoral anteversion after age 3.
1,16,17
The children who participated in this study were between the age of 2 and 18, and had no abnormal cases against metatarsus adductus reported. The analytical fi ndings of femoral anteversion and tibial internal torsion using a CT scan showed that the distinction between femoral anteversion and tibial internal torsion by age as the cause was not clear. Many cases of both femoral anteversion and tibial internal torsion were included within the abnormal range. Furthermore, while intoeing gait by tibial internal torsion only was 50% for 4 and also 50% for 5 for children at the age of 4 and 5, intoeing gait by femoral anteversion was 20% and 0%, respectively, indicating the relatively low rate. For children at the age of 10 and 11, intoeing gait by femoral anteversion was 50% and 100%, respectively, whereas intoeing gait by tibial internal torsion was 0% for both ages. Overall, the rate of tibial internal torsion was observed high in children under the age of 5, while the rate of femoral anteversion was mildly prevalent in children over 6 (Table 5) . These findings were different from previous studies. 1, 16, 17 Femoral anteversion was known to be the primary cause of intoeing gait for children over 3 years of age, whereas in this study it was the primary cause for children over 6 years of age. This can be explained by the contribution of a large portion of patients who had both tibial internal torsion and femoral anteversion simultaneously, and the small number of total subjects including 4 children (8 feet) at 2 years of age which made it difficult to group them by age for children over 2 and 3 years of age. However, this study showed that intoeing gait in children can be caused by a combination of causes.
CONCLUSION
This study showed a low correlation between classical physical examinations and CT measurements. This could have resulted from the combination of causes of intoeing gait. Therefore, it is recommended to combine physical examinations with CT scans to examine intoeing gait to complement each other. Further studies should include the development of valid physical examinations to substitute CT measurements by evaluating intoeing gait. It is also necessary to evaluate a greater number of patients for a causal analysis of intoeing gait by age in future studies.
